■ INTRODUCTION
Phosphine−borane adducts R 3 PBH 3 (R = H, alkyl, aryl, etc.) are of great current interest due to their potential applications in the synthesis of polyfunctional and/or polydentate (chiral) phosphines and as precursors to poly(phosphine−borane) materials, the latter of which are (valence) isoelectronic analogues of polyolefins. 1 In many of these applications complexes of the corresponding phosphido−borane anions [R 2 P(BH 3 )]
− are either key intermediates or else have been implicated as the active species in catalytic cycles. Nonetheless, a surprisingly small number of such compounds have been isolated and characterized in the solid state: structurally characterized phosphido−borane complexes are limited to alkali-metal derivatives, 2 a small number of mid-to-latetransition-metal complexes, 3 and a very few p-block derivatives.
2e, 4 There has been no previous report of an alkaline-earthmetal complex of this class of ligand. This is perhaps surprising, given the well-established chemistry of the analogous amido− boranes. 5 These latter compounds have been investigated as potential hydrogen storage materials and as catalysts for the dehydrocoupling of amine−boranes; complexes of amido− boranes with both alkali-metal and alkaline-earth-metal centers have been reported. 6 While alkaline-earth-metal phosphido−borane complexes are as yet unknown, a rich structural chemistry has emerged for their phosphide analogues, with mononuclear, polynuclear, and polymeric species having been identified. 7−9 Our own work in this area has focused on the synthesis, structures, and dynamic behavior of alkaline-earth-metal complexes of sterically demanding, donor-functionalized phosphide ligands 9 and their relationship to the corresponding lanthanide(II) complexes. 10 During the course of this work, we found that certain alkalineearth-metal complexes of anisole-functionalized phosphide ligands underwent an unexpected C−O cleavage reaction to generate the corresponding alkoxo−phosphides (Scheme 1). 9a This reaction is highly dependent upon the identity of the alkaline-earth-metal cation: whereas the putative compound [{(Me 3 Si) 2 CH}P(C 6 H 4 -2-OMe)] 2 Ca(THF) n (1a) undergoes C−O cleavage rapidly at room temperature to give [[{(Me 3 Si) 2 CH}P(C 6 H 4 -2-O)]Ca(THF)] 4 (1b) as the sole calcium-containing product, the corresponding strontium compound (1c) undergoes this decomposition only upon extended heating, while the barium analogue (1d) is stable toward C−O cleavage. We attributed this to the significant decrease in Lewis acidity of the metal centers with increasing atomic number. Muller and Knapp have also reported a related C−O cleavage reaction of an anisole-substituted phosphinomethanide ligand: the reaction between 2 equiv of [(4-MeC 6 H 4 ) 2 PCH(C 6 H 4 -2-OMe)]Li(OEt 2 ) and CaI 2 in THF yields the cluster [[(4-MeC 6 H 4 ) 2 PCH(C 6 H 4 -2-O)]Ca-(THF)] 4 ; however, the side products from this reaction were not identified and so the fate of the cleaved methyl group is unknown. 11 In related chemistry, we have also found that alkali-metal complexes of thioanisole-functionalized phosphide ligands [RP(C 6 H 4 -2-SR′)]M (2a; M = Li, Na, K; R = (Me 3 Si) 2 CH, t-Bu, Ph, 2,4,6-Me 3 C 6 H 2 ; R′ = Me, Ph, n-Pr) undergo a complementary, photolytically induced intramolecular alkyl/aryl migration to give the tertiary-phosphine-substituted thiolate complex [RR′P(C 6 H 4 -2-S)]M (2b) (Scheme 2). 12 We have recently shown that this photolytic rearrangement is suppressed in the corresponding phosphido−borane complexes [{(Me 3 Si) 2 CH}P(BH 3 )(C 6 H 4 -2-SMe)]ML (ML = Li (THF) (3a), Na(tmeda) (3b), K(pmdeta) (3c)), such that these latter compounds are stable toward both heat and light (tmeda = N,N ,N ′,N′-tetramethylethylenediamine, pmdeta = N,N,N′,N″,N″-pentamethyldiethylenetriamine).
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The foregoing prompted us to investigate whether anisolesubstituted phosphido−borane complexes would undergo C− O cleavage similar to 1, or whether this reactivity might be suppressed by the borane group, as observed in 3a−c. We now describe the synthesis of a series of alkali-metal and alkalineearth-metal complexes of the anisole-substituted phosphido− borane ligand [{(Me 3 Si) 2 CH}P(BH 3 )(C 6 H 4 -2-OMe)]
− and show the effect of the borane group and the metal center on the activation of the OMe functionality.
■ RESULTS AND DISCUSSION
Synthesis and Stability. Treatment of the secondary phosphine {(Me 3 Si) 2 CH}PH(C 6 H 4 -2-OMe) (4) 9a with 1 equiv of BH 3 ·SMe 2 in THF gives the air-stable phosphine−borane {(Me 3 Si) 2 CH}PH(BH 3 )(C 6 H 4 -2-OMe) (5) as a colorless solid in good yield (Scheme 3). The reaction between 5 and 1 equiv of n-BuLi in THF proceeds smoothly to give the phosphido− borane complex [{(Me 3 Si) 2 CH}P(BH 3 )(C 6 H 4 -2-OMe)]Li-(THF) (6a), which was isolated as a colorless microcrystalline solid. Similarly, treatment of 5 with 1 equiv of either PhCH 2 Na or PhCH 2 K in THF yields the analogous complexes [{(Me 3 Si) 2 CH}P(BH 3 )(C 6 H 4 -2-OMe)]ML (ML = Na(THF) (6b), K(pmdeta) (6c)), after crystallization in the presence of the corresponding coligand. 
H{
11 B} NMR spectrum, due to coupling to the adjacent phosphorus nucleus, the three BH 3 protons, and the methine proton of the CH(SiMe 3 ) 2 substituent. There is a significant upfield shift of the 31 P{ 1 H} NMR signal on metalation of 5, although there is little difference in the chemical shifts of the metalated species (δ P −22.3 (5), −62.5 (6a), −64.3 (6b) −63.0 ppm (6c)). We have noted previously that the 11 B− 31 P coupling constant in related alkali-metal phosphido−borane complexes decreases with increasing ionic character of the P−M bond; 13, 14 however, although there is a substantial difference between the 11 B− 31 P coupling constants of the free phosphine−borane 5 and its metalated derivatives, there is only a small decrease in coupling constant among compounds 6a−c (J PB = 49.0 (5), 39.3 (6a), 37.3 (6b), 36.1 Hz (6c)), possibly as a consequence of these compounds adopting structures different from each other in solution.
Somewhat unexpectedly, we noted on several occasions that toluene solutions of 6a appeared to decompose over a period of several days at room temperature; this decomposition appears to be accelerated at higher temperatures. In contrast, solutions of 6b or 6c in either THF or toluene are stable, even after prolonged periods at elevated temperatures. Monitoring the decomposition of 6a by 31 P NMR spectroscopy revealed that the broad quartet at −62.5 ppm due to 5 was replaced by a broad quartet at 11.7 ppm (J PB = 58.8 Hz) and a sharp doublet at −72.7 ppm (J PH = 219.6 Hz) of approximately equal intensity. The appearance of a sharp doublet clearly suggests that the decomposition reaction involves cleavage of the P−B bond in at least part of the sample. Consistent with this, when the decomposition reaction was conducted in the presence of 1 equiv of tmeda, the known amine−borane adduct Me 2 N(BH 3 )-CH 2 CH 2 N(BH 3 )Me 2 was isolated, 15 suggesting that free BH 3 is liberated during the thermolysis reaction (the identity of the amine−borane adduct was confirmed by 1 H NMR spectroscopy and X-ray crystallography).
The nature of the decomposition reaction was finally revealed when single crystals of a toluene solvate of the unusual alkoxo−phosphine cluster [[{(Me 3 Si) 2 CH}PH(C 6 H 4 -2-O)]Li] 6 (7), from which the methyl group of the anisyl substituent has been cleaved, were isolated in moderate yield from the thermolysis reaction. The fate of the cleaved methyl group was revealed by analysis of the mother liquor from which 7 was isolated: NMR spectroscopy indicates that the tertiary phosphine−borane {(Me 3 Si) 2 CH}P(BH 3 )(Me)(C 6 H 4 -2-OMe) (8) is the major side product in this reaction (the identity of 8 was confirmed by comparison with the NMR spectra of a deliberately prepared sample). Thus, the observed decomposition reaction involves P−B cleavage, along with protonation of the phosphorus center, and migration of a methyl group from the O atom of one ligand to the P atom of another (Scheme 4).
In order to identify the source of the PH proton in 7, we have carried out a number of deuterium-labeling experiments. Thermolysis of toluene solutions of the labeled compounds H} NMR spectroscopy exhibited any evidence for the incorporation of deuterium at the phosphorus atom in 7. Similarly, thermolysis of 6a in d 8 -toluene showed no evidence for incorporation of deuterium in 7. We are, therefore, unable to identify unambiguously the source of this proton and can only conclude that it is derived from the presence of adventitious moisture.
The loss of the borane group during the degradation of 6a is unexpected. However, it has previously been observed that (S)-(Ph)(Me)(C 6 H 4 -2-OMe)P(BH 3 ) racemizes slowly when it is heated under reflux in xylene. 16 This was attributed to abstraction of the borane group by the anisyl oxygen atom, followed by inversion at phosphorus and subsequent reformation of the phosphine−borane adduct. A similar process Given the substantial effect of the borane group on the chemistry of thioanisole-substituted phosphide ligands, we were interested to see whether the presence of the borane group would suppress the alkaline-earth-metal-induced interligand methyl migration observed previously for the borane-free anisole-substituted analogue (see above).
9a This was found not to be the case: the reaction between MgI 2 and 2 equiv of 6a in THF gives the alkoxo−phosphido−borane complex
as colorless crystals in reasonable yield, along with the tertiary phosphine−borane 8 as the sole phosphorus-containing products (Scheme 5). Once crystallized, compound 9 has surprisingly low solubility in aromatic and ethereal solvents, including THF, and so characterization by NMR spectroscopy is limited; however, the 
P{
1 H} NMR spectrum of this mixture consists of broad and overlapping signals in the range −64 to −77 ppm, which gradually broaden and coalesce as the temperature is increased until, at 90°C, the spectrum consists of a very broad signal centered at −69.3 ppm, which we assign to the cluster 10, and a broad multiplet at 11.7 ppm, due to 8. This suggests the presence of numerous species in solution in rapid dynamic equilibrium and therefore indicates that the highly symmetrical tetrameric structure observed in the solid state (see below) fragments in toluene solution. In contrast, the Solid-State Structures. In order that we might investigate the impact of metalation on the skeletal structure of the phosphine−borane, we have obtained the solid-state structure of the neutral precursor 5. The molecular structure of 5 is shown in Figure 1 , along with selected bond lengths and angles.
We were unable to isolate single crystals of either 6a or 6b suitable for X-ray crystallography; however, single crystals of 6c were obtained from cold toluene. Compound 6c crystallizes as discrete centrosymmetric dimers in which the two potassium ions are bridged by B−H···K contacts, such that each borane group acts as a μ-η (6) and 3.7619(10) Å, respectively), 14 which exhibit either K−S(Me) or K−O(Me) contacts. The K···H (2.77(2), 2.76(2) and 3.35(2) Å) and the K···B distances (3.317(2) and 3.1365(18) Å) are typical of such contacts.
Compound 7 crystallizes with two independent molecules in the asymmetric unit and with solvent-accessible voids partially occupied by toluene, which is disordered over multiple positions; the molecular structure of 7 is shown in Figure 3 , along with selected bond lengths and angles. Each of the two independent molecules of 7 contains a hexagonal-prismatic core structure which lacks any crystallographic symmetry, such that each ligand and each lithium ion in the cluster is unique. The hexanuclear Li 6 O 6 core of 7 has been observed in several other species, including the phenoxide [{2,6-(MeO) 2 C 6 H 2 O}-Li] 6 (12) , 17 and its formation is in line with the ring-stacking principles developed by Snaith et al. 18 Each lithium ion is coordinated by three μ 3 -O atoms and one phosphorus atom in a highly distorted tetrahedral geometry. In addition, Li(2), Li(3), and Li(6) have a close contact with the ipso-C(O) atom from an alkoxo−phosphide ligand in the opposite face of the hexagonal prism. The alkoxo−phosphide ligands chelate a single lithium ion in each face of the hexagonal prism (P−Li−O bite angles 84.3(3)−85.3(3)°), with the oxygen atom of the ligand bridging two lithium ions in one hexagonal face and forming a link to a third lithium ion in the second face. The Li−P distances in 7 range from 2.529(7) to 2.551(7) Å and are typical of such distances. 7 Similarly, the Li− O distances, which range from 1.854(9) to 2.067(9) Å, lie in the typical range of distances for these bonds; for example, the Li−O distances in 12 range from 1.908(4) to 2.058(4) Å. 17 While phosphido−borane complexes of the alkali metals are reasonably well known, 2,13,14 and derivatives of the p-block 2e,4 and transition metals 3 have been reported, compounds 9−11 represent the first alkaline-earth-metal complexes of this ligand type. Compound 9 crystallizes as centrosymmetric dimers with a rhombus-shaped Mg 2 O 2 core and with one molecule of THF of crystallization in the asymmetric unit; the structure of 9 is shown in Figure 4 , along with selected bond lengths and angles. Each magnesium ion is coordinated by a μ 2 -alkoxide oxygen atom, the oxygen atoms of two molecules of THF, and an η 2 -BH 3 group in a pseudo-trigonal-bipyramidal geometry; there is no contact between the magnesium ions and the pyramidal phosphorus centers.
The binding mode of the alkoxo−phosphido−borane ligand in 9 (O and BH 3 chelation, but no P−Mg contacts) is in contrast with the binding mode of the precursor anisolesubstituted phosphido−borane ligand in the potassium complex 6c (P and BH 3 chelation, but no O−K contacts), and this is clearly related to the localization of charge on the oxygen atom in the former and the weak donor strength of the aryl ether in the latter. The Mg−O(alkoxo) distances of 1.961(3) and 2.017(3) Å are similar to previously reported Mg−O distances; for example, the Mg−O distances within the Mg 2 O 2 core in [(Ph 3 SiO)Mg(μ-OSiPh 3 ) (py)] 2 are 1.965(2) and 1.988(2) Å. 19 Compound 10 crystallizes with an unusual tetranuclear structure containing a crystallographic C 2 axis which lies perpendicular to the Ca 4 plane, midway along the Ca(1)··· Ca(1A) vector; the molecular structure of 10 is shown in Figure 5 , along with selected bond lengths. There are two distinct calcium environments: Ca(1) is coordinated by four oxygen atoms from four alkoxo−phosphido−borane ligands, which bridge to a second symmetry-equivalent calcium ion, two phosphorus atoms, and two η 1 -BH 3 groups. In contrast, Ca(2) is coordinated by two alkoxo−phosphido−borane oxygen atoms, two η 2 -BH 3 groups, and two molecules of THF, along with a short Ca···C ipso contact with one of the aromatic rings. Thus, each alkoxo oxygen atom acts as a μ 3 bridge between two Ca(1) and one Ca(2) ion, while each BH 3 group acts as a μ 2 - The Ca−P distances (2.8778(11) and 2.8454(12) Å) are at the shorter end of the typical range for Ca−P distances (2.90− 3.10 Å) but are similar to the corresponding distances in [(Me 3 Si) 2 N}Ca(THF){μ 2 -P(SitBu 3 ) 2 } 2 ] 2 Ca, 20 which range from 2.866(3) to 2.951(2) Å. The Ca(1)−O alkoxo distances in 10 (2.369(2), 2.385(2), 2.518(2) and 2.524(2) Å) are significantly longer than the Ca(2)−O alkoxo distances (2.297(2) and 2.299(2) Å) but lie in the typical range for such distances.
In contrast to the multinuclear structure adopted by 10, compound 11 crystallizes as discrete molecules with a single pseudo-octahedral Sr ion. The structure of 11 is shown in Figure 6 , along with selected bond lengths and angles. The strontium ion is coordinated in a trans configuration by two η 3 -BH 3 groups and by the oxygen atoms of four molecules of THF. Somewhat surprisingly, given the potentially chelating nature of the phosphido−borane ligand (which may act as a P,O-or BH 3 ,O-donor; see above), there is no contact between the strontium ions and either the phosphorus or oxygen centers of the ligand. We have previously observed a related preference for BH 3 donation (over C donation) in the phosphine−boranestabilized carbanion complex [(Me 3 Si) 2 {Me 2 (H 3 B)P}C] 2 Sr-(THF) 5 . 21 In the present case, this preference for borane coordination may be attributed to the hard nature of the strontium cation and the better donor properties of THF in comparison to aryl ethers. The Sr···B distances in 11 (2.844(2) and 2.847(2) Å) are similar to previously reported Sr···B 22 Comparison of the structure of 5 with those of 6c and 9−11 reveals that metalation of the phosphine−borane precursor results in a significant lengthening of the P(1)−C(1), P(1)− C(8), and P(1)−B(1) distances by 0.02−0.07 Å.
■ CONCLUSIONS
While alkali-metal complexes of the anisole-substituted phosphide [{(Me 3 Si) 2 CH}P(C 6 H 4 -2-OMe)]M(THF) n (M = Li, K) are stable at room temperature, the presence of the borane group in the lithium complex 6a appears to be sufficient to activate the C−O bond; C−O cleavage is not observed for the corresponding sodium and potassium complexes 6b,c. Similarly, while an analogous C−O cleavage reaction is observed in the magnesium and calcium complexes 9 and 10, this reaction is not seen for the strontium complex 11. This suggests that the rate of the C−O cleavage reaction depends on the Lewis acidity of the alkali-metal or alkaline-earth-metal cation, paralleling the behavior of the borane-free derivatives.
The presence of the borane group additionally affects the solid-state structures of the resulting complexes, leading to a variety of ligand coordination modes, including (i) P,BH 3 chelation/bridging (6c), (ii) O,BH 3 chelation/bridging (9), (iii) P,BH 3 ,O chelation/bridging (10), and (iv) BH 3 -donoronly (11) coordination modes.
■ EXPERIMENTAL SECTION
General Considerations. All manipulations were carried out using standard Schlenk techniques under an atmosphere of dry nitrogen. THF, light petroleum (bp 40−60°C), diethyl ether, toluene, and nhexane were dried prior to use by distillation under nitrogen from sodium, potassium, or sodium/potassium alloy, as appropriate; hexamethyldisiloxane was dried by distillation from CaH 2 . THF and hexamethyldisiloxane were stored over activated 4A molecular sieves; all other solvents were stored over a potassium film. Deuterated THF, toluene, and benzene were distilled from potassium, and CDCl 3 was distilled from CaH 2 under nitrogen; all NMR solvents were deoxygenated by three freeze−pump−thaw cycles and were stored over activated 4A molecular sieves. Benzylsodium, benzylpotassium, 23 and {(Me 3 Si) 2 CH}PH(C 6 H 4 -2-OMe) (4) 9a were prepared by previously published procedures; n-butyllithium was purchased from Aldrich as a 2.5 M solution in hexanes, and BH 3 ·SMe 2 was purchased from Aldrich as a 2.0 M solution in THF. tmeda and pmdeta were distilled from CaH 2 under nitrogen and were stored over activated 4A molecular sieves. All other compounds were used as supplied by the manufacturer.
1 H and 13 C{ 1 H} NMR spectra were recorded on a JEOL ECS500 spectrometer operating at 500. 16 Where possible, compounds were subjected to combustion analysis to assess bulk purity; where this was not possible, the purity of compounds has been established by multielement NMR spectroscopy. Elemental analyses were obtained by the Elemental Analysis Service of London Metropolitan University.
{(Me 3 Si) 2 CH}PH(BH 3 )(C 6 H 4 -2-OMe) (5) . To a solution of {(Me 3 Si) 2 CH}PH(C 6 H 4 -2-OMe) (4; 6.55 g, 21.94 mmol) in THF (20 mL) was added BH 3 ·SMe 2 (11.0 mL, 22.00 mmol). This mixture was stirred at room temperature for 1 h, and then the solvent was removed in vacuo to yield a colorless solid. This was crystallized from a cold (−30°C) mixture of n-hexane (20 mL) and THF (1 mL). Isolated yield: 5.00 g, 73%.
1 [{(Me 3 Si) 2 CH}P(BH 3 )(C 6 H 4 -2-OMe)]Li(THF) (6a). To a solution of 5 (0.20 g, 0.64 mmol) in diethyl ether (20 mL) was added n-BuLi (0.4 mL, 0.76 mmol). This mixture was stirred for 1 h, and the solvent was removed in vacuo. The yellow solid was dissolved in THF (2 mL), and light petroleum (20 mL) was added, precipitating the product as a colorless powder, which was isolated by filtration and washed with cold (−10°C) light petroleum (5 mL). Yield: 0.13 g, 54%.
1 H{ 11 B} NMR (d 8 (20 mL) . This mixture was stirred for 1 h, and then the solvent was removed in vacuo to yield a yellow solid. The product was dissolved in the minimum amount of toluene, and pmdeta (0.6 mL, 2.87 mmol) was added. The solvent was then carefully reduced in vacuo until incipient crystallization. The solution was warmed to room temperature, dissolving the product, and upon cooling (5°C) colorless crystals of 6c suitable for X-ray crystallography were deposited. Isolated crystalline yield: 0.54 g, 37%.
Anal . To a cold (0°C) solution of KOH (0.63 g, 12.00 mmol) in acetonitrile (10 mL) was added 2-bromophenol (2.0 mL of a 5.0 M solution in acetonitrile, 10.00 mmol). This mixture was stirred for 1/2 h at 0°C, and then CD 3 I (0.75 mL, 12 mmol) was added. The reaction mixture was stirred for 40 h. The solvent was removed in vacuo, and the residue was extracted into light petroleum (3 × 20 mL) and filtered. The solvent was removed in vacuo from the filtrate to yield 2-bromo-d 3 -anisole as a colorless oil. To a cold (0°C) solution of 2-bromo-d 3 -anisole (1.19 g, 6.23 mmol) in diethyl ether (10 mL) was added n-BuLi (2.5 mL, 6.25 mmol). The solution was stirred for 2 h at 0°C and then added, dropwise, to a cold (−78°C) solution of {(Me 3 Si) 2 CH}PCl 2 (1.70 g, 6.51 mmol) in diethyl ether (20 mL). The reaction mixture was stirred for 16 h and warmed to room temperature. Solid LiAlH 4 (0.28 g, 7.3 mmol) was carefully added to the solution, and this mixture was heated under reflux for 2 h. The solution was cooled, BH 3 ·SMe 2 (3.2 mL, 6.4 mmol) was added, and the solution was stirred for 1 h at room temperature. Water (40 mL) was carefully added, the organic phase was extracted into diethyl ether (3 × 20 mL), and the combined extracts were washed with brine (30 mL). The organic phase was dried over MgSO 4 and filtered, and the solvent was removed in vacuo. The crude product was dissolved in hot n-hexane, and crystals were deposited upon cooling to −30°C. Isolated crystalline yield: 0.83 g, 42%. [{(Me 3 Si) 2 CH}P(C 6 H 4 -2-O)(BH 3 )Mg(THF) 2 ] 2 (9). To a solution of 5 (0.73 g, 2.34 mmol) in THF (10 mL) was added nBuLi (0.93 mL, 2.33 mmol) in THF (10 mL), and this mixture was stirred for 1 h. This solution was added to a suspension of MgI 2 (0.33 g, 1.19 mmol) in THF (15 mL), and this mixture was stirred at room temperature for 48 h. The solution was filtered, and the filtrate was concentrated to ca. 10 mL. The colorless precipitate was redissolved by heating, and the solution was cooled to 5°C for 5 days, after which time colorless crystals of 9 were isolated by filtration and washed with a small amount of diethyl ether. Yield: 0. 35 4 ]·THF (11) . To a solution of 5 (0.78 g, 2.50 mmol) in THF (15 mL) was added a solution of PhCH 2 K (0.31 g, 2.4 mmol), and this mixture was stirred for 1/2 h. This solution was added to a suspension of SrI 2 (0.43 g, 1.25 mmol) in THF, and this mixture was stirred for 24 h. The solution was filtered, and the filtrate was reduced in volume to ca. 5 mL and cooled to 6°C for 16 h. The colorless crystals of 11 were isolated by filtration and washed with a small amount of cold diethyl ether. The THF of crystallization is held only weakly and is rapidly lost under vacuum. Crystal Structure Determinations of 5, 6c, 7, and 9−11. Measurements were made at 150 K on an Oxford Diffraction (Agilent Technologies) Gemini A Ultra diffractometer using Mo Kα radiation (λ = 0.71073 Å), except for the structure of 9, which was collected using Cu Kα radiation (λ = 1.54178 Å). Cell parameters were refined from the observed positions of all strong reflections. Intensities were corrected semiempirically for absorption, on the basis of symmetryequivalent and repeated reflections. The structures were solved by direct methods and refined on F 2 values for all unique data; Table S1 in the Supporting Information gives further details. All non-hydrogen atoms were refined anisotropically, and C-bound H atoms were positioned with idealized geometry, while B-bound H atoms were located using peaks in the Fourier difference map. The displacement parameters for all hydrogen atoms were constrained with a riding model; U(H) was set at 1.2 (1.5 for methyl groups) times U eq for the parent C atom. The structure of 10 contains large solvent-accessible voids along the crystallographic [001] direction. These voids contain multiple, partially occupied diethyl ether sites, disordered about a center of symmetry. No sensible model for this disorder was forthcoming; therefore, the electron density in the void space was treated using PLATON/SQUEEZE. Programs were Oxford Diffraction CrysAlisPro for data collection and processing and SHELXTL for structure solution, refinement, and molecular graphics.
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